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fiXPOSUHE APPARATUS AND EXPOSURE METHOD 
FIELD OF THE INVENTION AND RELATED ART 

Tills invention relates to an e^cposxiie 
5 apparatus sucli as a aeml conduct: or exposure apparatus 
of scan type, for example^ and an exposure inethoci and 
a device manufacturing method to be used tlierewitli. 
More particularly, ttie invention is concerned, witii an 
e2:posure apparatus and an exposure metliod in wliicli any 
fn 10 influence of reflection ligtit from a reticle or a 

% wafer^ for example^ is removed by which accurate 

control of integrated exposure amount is enafcied, 
^IS Scan type exposure apparatuses are icnown as 

ui an apparatus for manufacture of semiconductor devices, 

^ T 

J\ 15 in which a pattern of a reticle is lithographically 

=y transferred onto a wafer through a scanning operation. 

ffy Figure 13 is a. schematic view of a: main portion of an 

^ ordinary scan type semiconductor exposure apparatus. 

In this apparatus, as shown In tne drawing, a portion 
20 of a pattern 200 formed on a reticle 50 is illuminated 
with sXit-like illumination light 201^ by use of a 
continuous emission light source or a pulse light 
emission light source- Through a projection optical 
system 60, an image of that portion of the pattern 200 
25 is projected on the wafer 61 in a reduced scale. On 
the other hand, the reticle 50 and the wafer 61 are 
scanningly moved in opposite directions, as depicted 
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by arrows 202 and 203^ relatively "to tlie projection 
optical system 60 and the slit-like illumination light 
201, at a speed ratio corresponding to the reduction 
magnification. By this, the whole pattern on the 
5 surface of the reticle 50 is transferred to a single 
chip region or plural chip regions on the wafer 61. 

In such semiconductor exposure apparatuses^ 
in order to maintain constant the the integrated 
exposure amount of a wafer as determined by the image 

10 plane illuminance and the scan speed, the image plane 
illuminance has to be kept constant- In order to meet 
&uch requirement , in conventional scaxi type 
semiconductor exposure apparatuses, a photodetector is 
disposed at a position in an illumination system which 

15 is optically conjugate with the reticle, and an 
applied electric power to a discharge lamp is 
controlled so that an output of the photodetector 
becomes constant , 

Such technique however involves a problem 

20 that, even if the control is made to Jteep the output 

of Lhe photodetector constant, the integrated exposure 
amount of a wafer can not be made constant . 

According to investigations made by the 
inventive entity of the subject application in 

25 connection with the precision in integrated exposure 
amount control of a scan type exposure apparatus ^ it 
has been found that a major factor for degradation of 



precision in integrated exposure amoimt: control is 
reflection liglii: from a. reticle to a photodetector 
whicii is placed a.t a position conjugate witli ttie 
reticle surface, for measurement of the illuminance 
upon the reticle (original) surface, 

SUMMAJRY OF THE INVENTION 

It is accordingly an object of the present 
invention to provide an exposure apparatus, an 
exposure method or a device manufacturing methods by 
which any influence of reflection light from a reticle 
is removed or reduced such that accurate control of 
the integrated exposure amount can he accomplished. 

In accordance with an aspect of the present 
invention, there is provided a scan type exposure 
apparatus wherein a pattern of an original is 
lithographically transferred to a substrate 
sequentially while the original and the substrate are 
scannlngly moved relative to exposure light, said 
apparatus comprising! a photodetector disposed at a 
position optically conjugate with the original; and 
storing means for storing correction information with 
respect to an output of said photodetector, in 
r-elation to different positions of the original to be 
illuminated with the exposure light, such that, in the 
lithographic pattern transfer, the output of said 
photodetector can be corrected by use of the 
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^ correction, inf ormatzion _ 

In accordance witii anot:h.er aspect: o± tJie 
presenl: inveniiion, there is provided an exposure 
nietliod, comprising tlie steps of: lithographically 
5 transferring a pattern of an original sequentially to 
a substrate while scanningly moving the original anc3 
the substrate relative to exposure light; correcting, 
in ttie transfer of the pattern of the original to the 
substrate^ an output of a photodetector disposed at a 
10 position optically conjugate with the original by use 
•S of predetermined correction information corresponding 

to different positions of the original to be 
b^j illuminated with the exposure light. 

{fi In accordance with a further aspect of the 

15 present invention, there is provided a device 
llJ manufacturing method r comprising the steps of: 

— ^ - 

transferring, by exposure^ a pattern of an original 
onto a substrate by use of an exposure apparatus such 
as described above, and developing the substrate 

20 having the pattern transferred thereto* 

These and other objects, features and 
advantages of the present invention will become more 
apparent upon a consideration of the following 
description of the preferred embodiments of the 

25 present invention taJken in conjunction with the 
accompanying drawings. 



• 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a scixeinatic view of a 
semiconductor exposure apparatus accor<3xrig to an 
embodiment of ttxe present invention* 
5 Figures 2A and 2B are schematic views y 

respectively, for explgiining details of a hxqh— speed 
exposure shutter in the apparatus of Figure :L * 

Figure 3 is a schematic view, for explaining 
details of a variable slit portion in the apparatus of 
10 Figure 1 , 

Figure 4 is a graph for explaining a spectral 
output characteristic of an i-line lamp, in the 
apparatus of Figure 1- 

Figure 5 is a graph for explaining a spectral 
15 reflectivity of an elliptical mirror 3, in the 
apparatus of Figure 1. 

Figure 6 is a graph, for explaining 
interception characteristics of a middle-band i-line 
filter and a nax^xow-band i-line filter^ in the 
20 apparatus of Figure 1 , 

Figure 7 is a perspective view of a reticle 
diffraction light sensor 66, in the apparatus of 
Figure 1 , 

Figure S is a graph, for explaining the 
25 relation between an applied electric power to the i- 
line lamp and the purity^ in the apparatus of Figure 



Figures 9A and 9B are sciiema-tic views ^ 
respectively, for explaining an illuminance 
(ilstrifan-tion inside a slit:, in a conventional 
Structure and in the apparatus of Figure I, 

Figures lOA and lOB are graphs, respectively, 
for explaining an i-iine intensity distribution in a 
radial direction and an electrode direction of -the i- 
line lamp, in tlie apparatus of Figure 1- 

Figure 11 is a flow ctiart of semiconductor 
device manufacturing processes in wliicli an exposure 
apparatus according to the present invention can be 
used - 

Figure 12 is a flow chart, for explaining 
details of a wafer process included in the procedure 
of Figure 1 1 - 

.Figure 13 is a schematic view of a 
conventional semiconductor exposure apparatus- 

DESCRIPTION QF THE PREFERRED EMBODIMENTS 

In an exposure apparatus and an exposure 
method according to preferred embodiments of the 
present invention, a pattern of an original (reticle), 
as illuminated by an illumination optical system for 
illuminating the original with exposure lights is 
projected and printed on a substrate (wafer) through a 
projection optical system^ wherein an output of 
light source is controlled on the basis of an output 
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of a plio1:o<iet:ec:tor disposed at; a position whicti is 
optically conjuga'te with the patteirn surface of the 
original . Specifically, any influence of reflection 
light from the pattern surface of the original is 
5 removed or re<iucecl on the basis of an output of the 
photodetector produced as the pattern surface of the 
original is il liiminated by the illumination optical 
system- 

Such exposure apparatus and exposure method 

10 may he a scan type exposure apparatus and a scan type 
exposure method in which the exposure is performed 
while the original and the substrate are scanningly 
moved relatively to a slit-like illumination light 
from the illumination optical system and to the 

15 projection optical system. The light source may 
comprise a discharge lamp- 

As a preparation^ while an applied electric 
power to the discharge lamp may be kept constant and 
while the scan motion may be performed at a speed 

20 lower than an ordinary scan speedy outputs of the 

pbotodetector in relation to each movement positions 
may be obtained. During this procedure , an output of 
the photodetector in a state in which there is no 
light coming from the original and directed to the 

25 photodetector may be obtained- In an actual exposure 
process of the substrate^ initially, at start of the 
scan motion, an output of the photodetector in a state 



In which "there is no reflection light: coining from the 
original ajid directed back to the photodetect ox may be 
ohtained, and then, at each inov<sment positions in the 
scan motion, any influence of reflection light may foe 
5 removed or reduced on the basis of the ahove output 
and the outputs having besn obtained h&forehand- 
Also, the output of the light source may be controlled 
on the basis of an output of the photodetectcr with 
the influence of reflection light being removed or 
10 reduced - 

Alternatively/ as a preparation, while an 
applied electric power to the discharge lamp may be 
kept constant and while the scan motion may be 
performed at a speed lower than an ordinary scan 

15 speed, outputs of the photodetector and detection 
results of reflection light detecting means, for 
detecting reflection light from the pattern surface of 
the original, may be obtained in relation to each 
movement positions are obtained. In an actual 

20 exposure process of the substrate, at each movement 
positions in the scan motion^ any influence of 
reflection light may be removed or reduced on the 
basis of an output of the photodetector and a result 
of detection by the reflection light detecting means* 

25 Also, the output of the light source may be controlled 
on the basis of an output of the photodetector with 
the influence of reflection light being removed or 
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reduced * 

More specifically, the present invention 
provides the following two methods, 

5 "Constant- 11 luminance Designation at Reticle 
Positions" 

A reticle surface illuminance detector may he 
disposed inside an illumination optical system- As 
regards a discharge lamp, in a case of constant input 

10 control, if the illuminance is measured in a short 

time such as several mSec to several ten mSec. , its 
variation is large. If, however^ an integrated value 
in the unit of a few seconds is considered, it is 
relatively stable* For this reason^ the discharge 

15 lamp may be lightened with a constant input, ,and a 
reticle stage may be scannlngly moved slowly. The 
outputs of the reticle surface illumination detector 
In that period may be memorized. If there is no 
reflection light coming from the reticle surface and 

20 impinging on the reticle surface illmnination 
detector r the output of the reticle surface 
illumination detector would be kept constant, 
regardless of the reticle position. If any variation 
is measured y it means that the change results from 

25 reflection light from the reticle. Therefore, in an 
actual exposure operation for a wafer ^ constant— 
illximinance control may be performed in synchronism 
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. witn trine reticle posit:ion, in accordance with ^ 

component: with tJne variation teased on tne reticle 
position being removed- 

5 "Correction with a Reticle Reflection Light Detector" 

A reticle surface illuminance detector and a 
reticle reflection light detector may he disposed 
inside an xllixminetion system. As regards a discharge 
lamp, m a case of constant input control, if the 
m 10 illuminance is measured in a short time such as 

several mSec, to several ten mSec.^ its variation is 
3^ large, if, however^ an integrated value in the unit 

m of a few seconds is considered, it is relatively 

l^l stahle* For this reason, the discharge lamp may he 

'\ 15 lightened with a constant inputs and a reticle stage 

rfj may be scanningly move<i slowly. The outputs of the 

f * ** 

ni^ reticle surface illuminance detector and the reticle 

^ reflection light detector in that period may he 

memorized- If there is no reflection light coming 
20 from the reticle surface and impinging on the reticle 
surface i llxxmination detector, the output of the 
reticle surface illumination detector would be kept 
constant, regardless of the reticle position. 
Practically, however, the output of the reticle 
25 surface illuminance detector may change slightly with 
the reticle position. Here, if there is a particular 
ratio relation hetween the variation in output of the 
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^ reticle reflection ligiit d.e1:ect:or and the variation in 

output of tJie reticle surface illuminance detector, 
regardless of the reticle position, it means that the 
influence of reflection light from the reticle, 
5 mixedly impinging on the reticle surface illuminance 
detector, can be detected on the hasis of the output 
of the reticle reflection light detector. Namely, in 
ordinary wafer exposure, the result of measurement hy 
the reticle surface illuminance detector may be 
10 corrected on the basis of the result obtained by 

correcting, with the particular ratio, the variation 
HJ in output of the reticle reflection light detector, 

[k such that an accurate reticle illuminance can be 

yi determined- Based on this value, constant- illuminance 

15 control may be performed. 

* j 

il Preferred embodiments of the present 

■^^ invention will now be described with reference to the 

accompanying drawings . 
20 Figure 1 shows the structure of ci 

semiconductor exposure apparatus according to an 
embodiment of the present invention. Denoted in the 
drawing at 1 is a discharge lamp which comprises an i- 
llne lamp having a spectral output characteristic such 
25 as shown in Figure 4- Denoted at 2 is a powering 

cJevice wbich is a power source for the i—line lamp 1. 
Denoted at 3 is an elliptical mirror for collecting 
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light from tlie i-line lamp 1- Denoted at 4 is a 
blocking plate for intercepting the liglit, during a 
period in wHich tHe operation of the semiconductor 
exposure apparatus is stopped* Denoted at 5 is a 
5 motor for driving tlie blocking plate 4. Denoted at 6 
is a middle-band i-line filter of about a few tens nm. 
Denoted at 7 is a feigti-speed exposure shutter which 
performs opening and closing motion for every single 
shot exposure operation, in an ordinary exposure 
10 process. Denoted at 8 is a arc monitor imaging lens, 
# and denoted at 9-12 are half mirrors- Denoted at 13 

Si is a mirror, and denoted at 14 and 15 are narrow-band 

[K i-line filters. Denoted at 16 is a middle-ba^nd i-line 

filter, and denoted at 17 is a narrow-band g-line 
15 filter. Denoted at 18 is a broad-band filter having a 
nj spectral transmissivity substantially eguivalent to 

the spectral reflectivity of the elliptical mirror 3, 
^0 Denoted at 19 is a CCD camera for measuring tjhie arc 

Shape* Denoted at 20 - 23 are photodetectors each for 
20 measuring a light energy passed through the narrow- 
band X-line filter 15, the middle-band l-'line filter 
16^ the narrow-band g~line filter 17 or the broad-band 
filter 16, These filters will therefore be referred 
to as a narrow-band i-line detector, a middle -band i- 
25 line detector, a narrow-band g-line detector and a 

broad-band detector, respectively- Denoted at 24 is a 
photodetector for measuring reflection light from the 



b.ig^ii— speed esiposure stLui:t:er 7. Denoted at 25 is a 
lamp house for accoinmod.ai:ing the components 1 - 24 
desciribed above utisrsln. 

Denoted at 30 i$ ei first sioom lens for 
imaging tlie arc sliape of tlie i-llne lamp 1 at a front 
end of a £ly*s eye lens, in an optimum size. Denoted 
at 31 is a motor for actuating the zoom lens 30, 
Denoted at 32 is a narrow- band i-lioe filter having a 
bandwidth, of a few nai, which finally determines the 
exiposure wavelength. Denoted at 33 is mirror, and 
denoted at 34 is a fly^s eye lens. Denoted at 35 is a 
stop for setting the ntimerical aperture (NA) and the 
pupil shape of the illumination system- Denoted at 36 
is a second zoom lens for adjusting the illuminance 
distribution at a central portion and a peripheral 
portion of the reticle surface, and denoted at 37 is a 
motor for actuating the second zoom lens 36, Denoted 
at 36 is a parallel flat plate for introducing about 
1% of the light from the second zoom lens 35, into a 
photodetector 39. The photodetector 39 serves as a 
reticle surface illuminance detector, and it is 
disposed at a position conjugate with the central 
portion of the reticle surface- Denoted at 40 is a 
condenser lens for collecting reflection light from 
the reticle surface, and denoted at 41 is a reticle 
reflection light detector for measuring any reticle 
reflection light as collected by the condenser lens 
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40, Deixo-ted ai: 42 is a masking blade wiiicii is movable 
in directions depicted by an arrow, for restricting an 
exposure region upon tue reticle, in a scan direction. 
Denoted at 43 is a slit for defining a slit-like 
5 exposure region upon the reticle. Denoted at 44 and 
46 are condenser lenses, and denoted at 45 is a 
mi rror * 

Denoted at 47 is a microscope for measuring a 
pattern image on the reticle surface or the wafer 
XO surface. It is made movable to be retracted outwardly 
^IS of the exposure light position. Denoted at 48 is an 

imaging lens of the microscope 47, and denoted at 49 
is ci CCD camera- Denoted at 50 is a reticle, and 
l¥ denoted at 51 is a dummy reticle iiaving the same 

=T 15 thickness as the reticle 50, Denoted at 52 is a 

ni reticle stage for carrying the reticle 50 and the 

; i i? 

^ * *" 

]^ dummy reticle 52 thereon. The reticle stage can be 

^0 scanningly moved in a direction of an arrow 53. 

Denoted at 60 is a projection lens for 
20 projecting, in a reduced scale, a pattern of the 

reticle 50 onto a certain position upon the top face 
of a wafer 61 . Denoted at 62 is a wafer chuck for 
holding the wafer 61 through vacuum attraction . 
Denoted at 63 is a G-Z stage for moving the w.afer 
25 chuck 62 in a vertical direction and a tilt direction 
so as to bring the top surface of tbe wafer 61 into 
coincidence with the image plane of the projection 
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lens 60- Deno1:ed at; 64 ±3 axi illi;iinx nance non- 
uniformness jneasuting" device whticl^ can be moianted on 
■tlie 0-Z stiagre 63* Denoted at: 65 is a reference mark 
block wiiich is moun-ted on tili^ 9-z stage 63* Denoted 
5 at 66 is a reticle diffraction liglit sensor, being 

mounted on the 0-Z stage 63, Denoted at 67 is a wafer 
stage for moving the 9-2 stage 63 in a scan direction 
68 and also in a direction orthogonal to the iscan 
di section - 

Denoted at 70 is an image processing system 
for measuring the arc shape of the i-line lamp 1, 
Denoted at 71 is an illumination system control 
system, and denoted at 72 is a general control system 
for the semiconductor exposure apparatus. Denoted at 
73 is a driver means for moving the reticle stage 52, 
the G-Z stage 63 or the wafer stage 67 in response to 
a driving signal from the general control system 72- 
Denoted at 74 is an image processing system for 
measuring the pattern image on the reticle surface or 
the wafer surface. Denoted at 75 is a console which 
is an operating unit for the semiconductor exposure 
apparatus . 

Figures 2A and 2B show deta^ils of the high- 
speed exposure shutter 7 , wherein Figure 2 A 
25 illustrates the shape of the shutter- blade and Figure 
2B illustrates the structure of the high-speed 
exposure shutter 7. Denoted in these drawings at 80 
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is a shutter blade made of a metal material having an 
electric conductivity, and it is rotatably movable to 
intercept axxd pass tlie exposure light- Denoted at 81 
is a rotary shaft of the shutter blade 80- Denoted at 
5 82 (hatched portion) is exposure light. Denoted at 83 
is an AC servo motor for rotationally driving the 
shntter blade 80,^ and denoted at 84 is a motor fixing 
plate- Denoted at 85 and 86 are blocking plates made 
of a metal material having an electric conductivity^ 

10 and they are disposed to sandwich the shutter blade 80 
therebetween. Denoted at 87 - 89 are spacers for 
holding the blocking plates 85 and 86 while 
electrically insulating them from the motor fixing 
plate 84. Denoted at 90 is a non-contact type 

15 thermometer. 

Figure 3 shows details of the variable slit 
portion 43. Denoted in the drawing at 100a - 100k and 
101a - 101k are upper slit plates and lower slit 
plates which are movable in directions depicted by an 

20 arrow 129. Denoted at 102a 102k and 103a - 103k are 
guides for these slit plates. Denoted at 104a - 104k 
and 105a - 105k are rotatable protrusions which are 
movable integrally with the slit plates. Denoted at 
106 and 107 are spring plates extending through the 

25 rotatable protrusions to connect the slits each other. 
Denoted at 110 - 113 and 120 - 123 are motors for 
driving particular slit plates. 
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Figrure 4 illustrates the spectral output 
ctiaracteristic of the i-line lamp 1- In tlie 
semi conduct or exposure apparatus of ttiis embodiment^ 
in tlie spectral output, only the i-line portion about 
5 365 um as illustrated is extracted by means of the 
narrow-band i-line filter 32 and It is used. Here, 
the spectral output about 436 tun as illustrated is 
called "g-line" - 

Figure 5 shows the spectral reflectivity of 

10 the elliptical mirror 3- The elliptical mirror 3 has 
such characteristic that only light of about 320 - 400 
TUB. is reflected thereby. 

In Figure 6, the broken line and the solid 
line depict the interception characteristics of the 

15 middle-band i-line filter 6 and the narrow-band i-line 
filter 32, respectively- The interception 
characteiristic of the middle— band i-line filter 6 is 
equivalent to that of the narrow-band i-line filter 32 
when the same is expanded by a few tens nm, 

20 Figure 7 is a perspective view^ showing the 

structure of the reticle diffraction light sensor 66* 
Denoted in the drawing at 130 is a slit plate which 
can be moved toward the image plane of the projection 
lens 60 by the 0-Z stage 63. Denoted at 131 is a slit 

25 of a width of about 0*3 mm, and having a length 

substantially the same as that of the exposure slit. 
Denoted at 132 - 136 are photodetectors for detecting 



diffraction light from tlie reticle - 

Fignre 8 shows the relation between an 
applied electric power to the i-line lamp and tlie 1~ 
line purity (i^e... the proportion of the i-line energy 
to the whole energy). As shown in the drawing, if the 
applied electric power to the i-line lamp is 
increased^ the purity decreases - 

Figure 9 A shows an illuminance distr-lbution 
inside a slit, in a conventional semiconductor 
ejiposure apparatus. Idealist ically, the same 
illuminance distribution in the scan direction is 
defined at every position along the scan direction 
(i.e., the same shape is defined at Sa, Sh and Sc) . 

Figure 9B shows an il luminance distrxhution 
inside a slit^ in a semiconductor exposure apparatus 
of this embodiment. By means of the second zoom lens 
36 and the variable slit 43 > a slit shape and an 
illuminance distribution necessary for reducing 
astigmatism^ produced inside the projection lens 60 
during the exposure, can be provided. 

Figuares lOA and lOB show i-line intensity 
distributions along a radial direction and an 
electrode direction of the i-line lamp 1^ 
respectively. The illumination system of thi<; 
embodiment Is arranged so that the i-line inteinsity 
distribution in the radial direction as shown in 
Figure lOA is projected to the entrance side of the 



fly's eye lens 34 by means of the zoom lens 30. 

A semiconductor exposure apparatus of this 
embodiment has additional functions as compared with a 
conventional semiconductor exposure apparatus, as 
follows . 

(A) Detecting any^ disorder of the i-line lamp. 

(B) Correcting the arc shape of the i— line lamp- 

(C) Improving the durahility of the narrow-band 
i-line filter and the high-speed exposure 
shutter - 

(D) Controlling the purity of the i-line lamp. 

(E) Detecting the reflectivity of the exposure 
shutter blade. 

(F) Detecting any deformation of the exposure 
shutter blade . 

(G) Reducing astigmatism aberration- 

CH) High-precision control of integrated exposure 
amount . 

These functions will be explained below, 
respectively, in detail, 

(A) Detecting any disorder of the i-line lamp; 

In the semiconductor exposure apparatus of 
this einbodiment^ as shown in Figure 1, the narrow-band 
i-line detector 20 and the narrow-band g-line detector 
22 are accommodated in the lamp house 25- In 
accordance with the operation made by a CPU (not 



shown) inside "the illmninai:ion system contirol 71, 
after the i-line lamp 1 is turned on and the discharge 
of the i-line lamp 1 becomss stable, analog signal 
outputs of the respective detectors are picked up at 
intervals of a few mSec * These signals are 
digital i^ed by an A/D converter (not shown), and then 
they are stored into a memory (not shown) as 
measurement data. In parallel to the above-described 
operation, the CPU continuously performs the following 
discriminations in regard to the measurement data from 
the detectors, having been stored into the meniory- 

( 1 ) Whether or not the measurement data of the 
detectors is inside a predetermined tolerable range; 

(2) Whether or not any variation in the 
measurement data of the detectors is inside a 
predetermined tolerai:*le range; and 

(3) Whether or not the ratio of the measurement 
data of the detectors is inside a predetermined 
tolerable range * 

If, as a result of these discriminations, any 
disorder is detected by the CPU, an i-line lamp 
extinction signal is promptly applied to the lighting 
device 2 and, additionally, the disorder is signaled 
to the general control 72. in response to reception 
of this disorder signal, the general control 72 stops 
the operation of the apparatus, and a corresponding 
alarm and display is presented. With the operation 



described above, the possibility of continued 
execution of an incomplete exposure process is 
prohibited. Alao^ damage of the i-line lamp 1 can be 
avoided- 



(B) Correcting the arc shape of the x-line lamp: 

Like the semiconductor exposure apparatus of 
this embodiment, a conventional semiconductor exposure 
apparatus includes a variable stop 35 having a 
variable aperture diameter, being disposed inside the 
illumination system. The arc of the i-line lamp l is 
projected to a portion of the fly's eye lens 34 
corresponding to the sise of this stop, while the arc 
size is appropriately adjusted by the soom lens 30, 
However, as shown in Figures lOA and lOB, the arc 
shape and size of the i-line lamp 1 is not always 
constant, due to differences in manufacturer, in 
article (manufacturing error) , or in applied electric 
power-, for example- Thns , with the conventional 
method, the light of the i-line lamp can not always be 
used effectively and stably. In consideration of it, 
in the semiconductor exposure apparatus according to 
thi3 embodiment of the present invention, as shown in 
Figure 1. a CCD camera 19 is provided inside the lamp 
house 25 so that the arc shape of the i-line lamp 1 
can be measured in a horizontal direction. The arc 
shape and size a^re measured, after the i-line lamp 1 
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is turned on and the disctiarge thereof is stabilized. 

The actual measurement is performed by use of 
the image processing system 70- More specifically, in 
response to an input of an arc image applied from the 
CCD camera 19. the image processing system 70 
determines a highest luminous point position in the 
image, and it detects the intensity distribution at 
that position along the horisontal direction. The 
intensity distrihntion may he such as shown in Figure 
lOA, Suhsequently- the image processing system 70 
calculates a half handwidth (half width at peak) of 
this intensity distrxhution, and applies it to the 
illumination system control 71 as an arc radius value. 
In re^^ponse to reception of this arc radius value, a 
CPU (not shown) inside the illumination system control 
71 compares it with an arc radius value of a reference 
i-line lamp. If the same is concluded as not being 
optimum, the control 71 actuates the zoom lens 30 so 
that the arc of optimum size is projected on the 
light entrance end of the fly's eye lens 34. 

The semiconductor exposure apparatus of this 
emhodiment performs the above-descrihed operation 
continuously. Thus, even if the applied electric 
power to the i-line lamp 1 and thus the arc shape 
thereof are changed, in the const ant -illumincmce mode, 
for example, an optimum arc shape can be projected 
automatically onto the light entrance end of the fly*s 



eye lens 34 



(C) Improving tne durability of tlie narrow~t>arLci i- 
line filter and the Irxigti-speed exposure stiutter: 

In tiie semiconductor exposure apparatus of 
tnis emJbodiment, the exposure light is provided as 
follows. Of the light from the i-line lamp 1 having a 
spectral output characteristic such as shown in Figure 
4, light in a range of 320 - 400 ma is extracted by 
using an elliptical mirror having a long- wave length 
intercepting characteristic such as shown in Figure 5- 
Then, by using the middle-band i-line filter 6 as 
depicted by a. broken line in Figure 6, light of a few 
tens nm bandwidth adjacent to the i-line is extracted. 
Furthermore, by using the nar-row-band i-line filter 32 
depicted by a solid line in Figure 6, light of a few 
nm bandwidth adjacent to the i-lins is extracted. 
Thus, only light of a bandwidth range very close to 
the practical exposure light impinges on the shutter 
blade 80 or the narrow-band i-line filter 32. Since 
the shutter blade 80 and the narrow-band i-line filter 
32 receive only a smallest required energy, the 
durabilities of the blade 80 and the filter 32 are 
p r o 1 onged s i gn i f i cant 1 y - 

(D) Controlling the purity of the 1-line lamp: 

in the semiconductor exposure apparatus of 
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. this embodiment^ the electric power control for the i^ 

line lamp 1 (conventionally/ it is independent from a. 
job) can be set from the console 75, in relation to 
each jobs. Specific examples for the electric power 
5 control method may be as follows* 

( 1 ) Constant- Input Mode 

Like a conventional constant- input mode, an 
applied electric power to the inline lamp 1 is 
specified- While the purity becomes substantially 
10 constant, the purity measurement or the like is not 
K performed* 

(2) Constant-lllximinance Mode 

0 Like a conventional constant-illuminance 

% mode^ an image plane illuminance is specified. 

15 However, since the applied electric power to trie i- 
1J line lamp 1 is controlled so that the illmninance 

|: becomes constant, the purity will change. The timing 

f ":«^' 

% for changing the applied electric power can be 

specified in relation to each wafers or each Jobs. 

20 (3) Constant-Purity Mode 

This is a mode added in the semiconductor 
exposiire apparatus of this embodiment- The purity of 
the i-line lamp 1 is specified. The applied electric 
power^ is controlled on the basis of the purity 

25 measurement, to maintain the specified purity. The 

timing for changing the applied electric power can be 
specified in relation to each wafers or each Jobs. 
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TliG coiast^nt: -purity mode in Itiem (3) above, 
wliicii is added in this embodiment, will be explained 
in detail- As shown in Figure 1, the semiconductor 
exposure apparatus of thi3 embodiment is provided with 
5 a middle-band i-line detector 21 for measuring light 
of about i-line wavelength plus/minus 10 xim^ and a 
narrow-baxid i-line detector 20 for measuring light of 
about i-line wavelength plus/minus a few nm. Through 
the operation of the CPU (not shown) inside the 

10 illumination system control 71, after the i-line lamp 
1 is turned on and after the discharge of the i-liixe 
lamp becomes stable, analog signal outputs of the 
respective <ie1:ecl:ors are picked up at intervals of a 
few mSec These signals are then digitalized by an 

15 A/D converter (not shown), and thereafter calculation 
of a ratio of measurement data of the detectors, that 
is, purity calculation, is performed. If tihe result 
of purity calculation is beyond a tolerable range set 
with respect to a predetermined purity, at a specified 

20 timing, the applied electric power to the i-line lamp 
1 may be controlled within the tolerable range for the 
applied electric power^ whereby a target purity can be 
accomplished* If the applied electric power for 
attaining the specified purity is beyond the tolerable 

25 range for the applied electric power, a failure of 
continued exposure operation is signaled to tbe 
general control 72, In response to reception of that 



signal^ the general control 72 stops the operation of 
the apparatus, and presents an aiarm anct display, 

(E) Detecting the reflectivity of the exposure 

shutter blade: 

The semiconductor exposure apparatus of tliis 

embodiment has an exposure shutter protecting 
function, as has &een described with reference ta " (C) 
Improving the durability of the narrow-band i-line 
filter and the high-speed exposure shutter:". 
However, the protection is not complete, becciuse there 
is a possibility that any impurities are mix€id into a 
cooling air for the shutter blade 80 which impurities 
may be deposited on the surface of the shutttir hlade 
80 to cause a decrease of the surface reflectivity of 
ttie stiutteir blade SO cind an increase of thermal 
absorption . 

In consideration of it. the semiconductor 
exposure apparatus of this embodiment is provided with 
a broad-band detector 23, for directly detecting a 
wavelength in the same bandwidtti region as the light 
to be collected by the elliptical mirror 3, as well as 
a photodetector 24 for detecting reflection ligtit from 
the shntter JDlade 80, Through the operation of the 
CPU (not stiown) inside the illumination syst<sm control 
71, after the i-line lamp 1 is turned on and after the 
discharge of the i-line lamp becomes stable, and when 
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■fche blocking plate 4 are in its open sira-te, ainalog- 
signal outputs of the respective detectors are picked 
up at intervals of a few mSec. These signals are then 
digitalized by an A/D ccnv^erter (not sliown)^. and 
5 thereafter calculation of a ratio of measurement data 
of the detectors^ that is, calculation of the surface 
reflectivity of the shutter blade SO, Is performed. 
If the result of surface reflectivity calculation is 
beyond a tolerable range set with respect to a value, 

10 an i-line lamp 1 extinction signal is promptly 
supplied to the lighting device 2, Also, this 
disorder is signaled to the general control 72. in 
response to reception of that signals the general 
control 72 stops the operation of the apparatus, and 

15 presents an alarm and display, 

(F) Detecting any deformation of the exposure shutter 
blade: 

In the semiconductor exposure apparatus of 
20 this embodiment, in connection with the ejsposure 

shutter 7, detection of any contact of the sh\itter 
blade with any surrounding member is performed, in 
addition to the protection described above. This is 
because deformation of the shutter blade may be caused 
25 by, in addition to thermal deformation described 

above, incorrect maintenance by a user or a service 
^GX^on^ an error in manufacture ^ or a mechanical 
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damage during ■transportation, for example. In tiiis 
eitibodim^rft ^ as shovm in Figure 1, the sfcLuirter blade 80 
is made of a metal material liaving an electric 
conductivity and, also, the blocking plates 8 5 and 66 
5 adjacent to the opening are made of an electrically 

condnctive metal material. These components are held 
in electrically isolated state, by use of spacers 87, 
88 and 89 of electrically insulative material. On the 
other hand, the CPU (not shown) inside the 

10 illumination system control 71 continuously monitors 
any electric contact i>etween the shutter hlade SO and 
the blocking plate S5 or 86- If any electric contact 
is detected^ an i-line lamp extinctioxi signal is 
promptly supplied to the lighting device 2, Also^ 

15 this disorder is signaled to the general control 72, 
In response to reception of that signal , the general 
control 72 stops the operation of the apparatus^ and 
presents an alarm and display, in this embodiment, in 
consideration of the difficulty of providing direct 

20 electric connection to the shutter blade 80, any 

electric contact between the housing of the AC servo 
motor 83 shown in Figure 2 and the blocking plate 85 
or S6 is detected, 

25 (G) Reducing astigmatism aberration: 

The semlcondiactor exposure apparatus of this 
embodiment has a function for reducing astigmatism of 



a projection lens, to Jbe produced during tlie exposure 
process- In this eiabodlment r at the stage of 
projection lens designing, a slit stiape and as well as 
an illuminance distribution inside a slit effeictive to 
minimizie the production of astigmatism due to 
execution of the exposure process are determined in 
relation to each illumination modes, and they are 
reproduced and accomplished in the semiconductor 
exposure apparatus . 

Figure 9A shows an example of a slit shape 
and an illuminance distril>ution Inside a slit, in a 
conventional semiconductor exposure apparatus. As 
seen from the drawing, generally In conventional 
semiconductor exposure apparatuses, the same 
illuminance distribution in the scan direction is 
defined at every points on the slit* Namely, 
substantially the same shape is defined at Sa, Sb and 
Sc in Figure 9A* This is to accomplish uniformness of 
integrated exposure amount in the slit direction. 

Further, in some conventional semiconductor 
exposure apparatuses, the slit width at each points on 
the slit is made variable so that the same illuminance 
integrated amount can be provided in the scan 
direction. This is to accomplish uniformness of 
integrated exposure amount in the slit direction- In 
that occasion, substantially the same area is defined 
at Sa, Sb and Sc in Figure 9A, 
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Tlie seniicoiid\ic1:or exposure apparatus of this 
eirdDiodiitient has a similar structure as of tlie 
conventional examples <lescribe<i ahove. Howevcir, it 
functions in a completely different way. In the 
semiconductor exposure apparatus of this embodiment, 
the slit shape and the illuminance distribution inside 
a slit can be set as desired. With this function, 
astigmatism or the like to be produced during the 
exposure process can be reduced . 

Figur-e 9B shows an example of an optimum slit 
shape and Illuminance distribution inside a slit, 
effective to reduce exposure astigmatism^ in relation 
to a certain illumination mode. In the slit 
illumination as illustrated, in a lens close to a 
reticle or a wafer, the light energy density of the 
light passing through a portion about the lens center 
is lowered such that, within a region thorough which 
the light passes, there does not occur a large 
temperature difference between the lens central 
portion and the peripheral portion. 

Production of exposure astigmatism <iepends on 
the reticle surface illuminance, the reticle 
transmlssivity and the reticle average diffraction 
efficiency. In consideration of it^ in this 
embodiment, measured values of them are also used in 
determination of the slit shape and the illuminance 
distribution inside a slit. Details of this will be 
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described below, 

FiguLre 7 is a. perspective vlew^ showing the 
structure of a reticle diffraction sensor 66, mounted 
on tlie ^-z stage 63. The reticle diffraction sensor 
5 66 serves to measure tiie magnitude or extent of 

reticle diffraction in the scan direction. Denoted in 
Figure 7 at 131 is a slit of a width of about 0,3 mm, 
and having a length sxxbstantialiy the same as that of 
the exposure slit. Denoted at 132 - 136 are 

10 phQtodetectors , Here^ the incident light energy upon 
a peripheral photodetector or detectors becomes 
stronger with more fine patterns Included in the 
exposure pattern on the reticle. 

In the semiconductor exposure apparatus of 

15 this embodiment, when a reticle 50 is placed on the 
reticle stage 52 first time, the reticle avearage 
diffraction rate and the reticle transmissivity are 
measured- This measurement is performed under the 
same illumination mode as tne practical exposure 

20 process (the same stop 35 in the actual e^cposure). 

Here, the reticle diffraction sensor 66 of Figure 7 is 
held stationary at about a central position in the 
exposure light flux^ and it operates to perforin 
integrated measurement of the light energy impinging 

25 thereon during the scan motion of the reticle 50- 
From the ratio in integration measurement value 
among the sensors 132 - 136 of the reticle diffraction 
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sensor 66, lihe average diffraction rate being set is 
cal cul ated. 

During tiie measuraineni: , the reticle surface 
illxuninance detector 39 insici^ the illumination system 
5 also operates to perform integration measurement, such 
tuat , from the total sxim of the integrated outputs of 
the sensors 132 - 136 of the reticle diffraction 
sensor 63 and the ratio in integration measured value 
of the reticle surface illuminance detector 39, the 
10 reticle transmlssivity can be calculated. With the 
=P measurement operations described above, the 3reticle 

ly average diffraction rate and the reticle 

'% transmlssivity are ohtained. In the seinicon<3uctor 

W exposure apparatus of this embodiment,, just before 

15 initiation of an actual exposure process for a wafer, 
=T| also the reticle surface illunii nance is measured t>y 

using the reticle surface illuminance detector 3^. 
0 With the operations described above, the 

reticle average diffraction rate and the reticle 
20 transmlssivity of the reticle 50, being set. as well 
as the reticle surface illuminance nnder the 
illuminat Son mode being currently set, are detected. 
Thus, a slit shape and an Illuminance distribution in 
a slit, effective to miniiniKeL tne exposure 
25 astigmatism, can be determinec3 hy calculation. 

It requires a quite large nvimt^er of 
calculations to make this determination. In this 



embodiment, in consideration of it. at the stage of 
designing, representative data for tiie reticle average 
dlffrciction rate, the reticle transmissivity eind the 
reticle surface illuminance being calculcited in 
relation to each illumination modes as well as the 
optimum slit shape and the optimum illuminance 
distrihution inside a slit are prepared Jbeforehand. 
and they are stored into a memory inside the apparatus 
control system 72- This enables that, through 
complementary calculation based on measured values of 
reticle average diffraction rate, reticle 
traiismissivity and reticle surface illuminance, an 
optimom slit shape and an optimum illuminance 
distribution in a slit are determined easily. 

Once the optimum slit shape and optimum 
illuminance distribution inside a slit are determined, 
corresponding data is supplied from the apparatus 
control system 72 to the illumination system control 
71. In response, the illumination system control 71 
actuates the motors 110 - 113 and 120 ~ 123 for the 
variable slit 43 of Figure 3, by which an optimum slii 
shape is defined- Also, through actuation of the 
motor 37 of the second zoom lens 36, an optimum 
illuminance distribution inside a slit can be 

accompli shed - 

After the operation described above, in the 
seraiconduci^or exposure apparatus of this embodiment. 
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the reticle stage 52 is moved to move a transparent 
dummy reticle 51 into tlie illumination region. Then, 
l3Y using the illmuinance non-ixnlf ormness detector 64, 
the accompli shiaent of tha optimiimi slit shape ,and the 
5 optimxim illuminance distribution in a slit is 
measured « 

The illuminance non-uniformness detector 64 
comprises a linear CCD sensor hsiving a long 
measurement range in the scan direction. It is moved 
|J3 10 to the image plane position, where it mieasures the 
S light energy distribution at a single point on the 

^ slit, along the scan direction. Thereafter, similar 

# measurement is performed at plural points on the slit^ 

to check the accomplishment of the optimum value- If 
j , 15 there is an error found, fine adjustment of the 

1 ^ H 

P variable slit 43 and/or the second ^oom lens 36 is 

3 performed- 

S As a matter of course^ for uniformiaig the 

integrated exposure amount along the scan direction^ 

20 the light: energy dist rihutlon in the scan direction 

thus accomplished provides the same value at any slit 
posit ion / when integrated in the scan direction. 

After the above— described setting operations 
are completed, the reticle stage is moved back to the 

25 scan start position. Then, the reticle reflection 

light measurement for "(H) High-precision control of 
integrated exposure amount" to he described below. 



In this embodimeni: , for further minimization 
of a change of exposure astigmatism, even during tiie 
exposure^ process the total energy applied to the 
projection lens 60 is calculated from the output value 
of the photodetector 39 and the reticle transmission 
factor, and fine adjustment of the optimum slit 
illTomination shape and optimtim light energy 
distribution is performed automatically during the 
exposure process. Further, in the semiconductor 
exposure apparatus of this embodiment, the microscope 
47 shown in Figure 1 is inserted into the exposure 
region at regular time intervals, and longitudinal and 
lateral patterns on the reference mark block mounted 
on the 0-Z stage 53 are measured by using the CCD 
camera 49* On the basis of it, whether the e;!iposure 
astigmatism is held within the tolerable range can be 
checked - 

(H) High—precision control of integrated exposure 
amoiant : 

In the semiconductor exposure apparatus of 
this embodiment, after the slit shape and the 
illuminance distribution inside a slit are determined, 
for "(G) Reducing astigmatism aberration" described 
above, reticle reflection light measurement necessary 
for performing integrated exposure amount control at a 



-36- 



nigti precision, stairts - The reticle reflec1:iorL light 
measurement and an actual exposure operation will be 

described below. 

(1) From the illiamlnation system control 71, an 
energization sicfnal to be supplied to the inline lamp 
1 is applied to the lighting device 2. The lighting 
device 2 supplies the power to the i-line lamp 1, 

(2) Subsequently, the reticle stage 52 is moved 
to the scan start position. A measured value of the 
reticle surface illuminance detector 39 at that time 
is memorized as a reference illuminance* Here, the 
structure is arranged so that, if the reticle stage 52 
is at the scan start position, the light from the 
illTomination system does not return back to the 
illumination system. Namely, it is in the state tha.t 
any reticle reflection light does not at all return to 
the reticle illuminance detector 39^ 

(3 J The reticle stage 52 is scanninsrly moved 
throughout the whole exposure region, at a speed 
sufficiently slower than that in ap ordinary exposure 
process. The measured values of the reticle surface 
illuminance detector 39 at each reticle positions, are 
stored into a memory inside the illumination system 
control 71- 

(4) The CPU Inside the illumination system 
control 71 performs subtraction of the measured value, 
having been measured at step (2) above, from the 
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measured values of tlie reticle surface illumineLnce 
detector 39 in relation to thei different positions of 
the reticle* Tne results are stoxed into the memory 
in relation to the reticle positions, respectively^ as 
5 reticle reflection measured values. 

(5) After completion of the measurements 
described above ^ an actual wafer exposure process 
starts in the semiconductor exposure apparatus of this 
enLbodiment , In the actual wafer exposure process, 

10 firsts in parallel to wafer loading, an operation 

similar to Item (2) above is executied., and a current 
reticle surface illuminance is measured- From this 
reticle surface illuminance, the scan speed necessary 
for attaining- a desired exposure amount is determined* 
15 Also^ the ratio between the reticle surface 

illuminance and the reference illuminance, having been 
cietermined at step (2), is calculated- From this 
ratio, correction for the reticle reflection light 
measured value having heen detected at step (4) is 
20 calculated. The result is stored into the memory, m 
relation to each reticle positions, as a current 
reticle reflection light measured value - 

(6) After the operations described abov^e^ in the 
semiconductor exposure apparatus of this emi:>odiment , 

25 processes such as prealignment measurement, fine 
alignment measurement and focus measurement,, for 
example^ are performed. Thereafter, the scan exposure 
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operation starts, such that the reticle 50 and the 
wafer 61 are scanningiy moved in opposite directions, 
as depicted, by an arrow illustrated^ at a speed ratio 
corresponding to the reduction ratio of the pro:Jection 
system 60, whereby the whole pattern on the reticle 50 
surface is transferred to a single chip region on the 
wafer 61- 

C7) As the scan ex:po5ure operation stars and when 
the stages come just close to the exposure region, the 
high-speed exposure shutter 7 is opened. 

(8) As the high-speed exposure shutter 7 is 
opened, measurement of the reticle surface illuminance 
throiigh the reticle surface illuminance detector 39 is 
enabled. Here, in the semiconductor exposure 
apparatus of this embodiment, the measured value of 
the reticle surface illuminance detector 39 is not 
taken as the reticle surface illuminance- Rather, a 
value obtainable by subtracting, from this measured 
value, the reticle reflection light measured value at 
each current reticle positions, is taken as the 
reticle surface illiaminance . The electric power 
control with the lighting device 2 is made so that the 
thus determined value is constantly registered with 
the current reticle sux-face illuminance having heen 
memorized at step (5)* This operation is continued, 
during the scan exposure operation- 

(9) When the scan exposure operation is 
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completed the power specifying signal to tlie lighting 
device 2 is lield fixed at an applied power valuer as 
specified at step (1), ^nd the higli-speed exposure 
shutter 7 is closed. 
5 With the operations described above, an 

exposure process for one shot is coxapleted. By 
repeating similar operations, scan exposure of the 
whole wafer surface is accomplished. 
[Modified Form] 
10 The above-described embodiment may be 

modified as follows, for example: 

(1) A method based on "correction with the 
reticle reflection light detector 41" has has been 
described in the introductory part of the 

1 5 speci fi cation • 

(2) If the reticle t ransmissi vity is high and the 
wafer reflectivity is high^ there may be cases in 
wliich the influence of reflection l±gli-t from a wafer 
appears on the reticle surface illuminance detector 

20 39- In that occasion^ the method described with 
reference to the above embodiment may be done 
similarly, while a reflection plate having 
substantially the same reflection factor as of an 
actual waf&r is disposed aii the wafer position. 

25 (3) While the above-described embodiment uses 

continuous lights the present invention is easily 
applicable to a semiconductor exposure apparatus using 
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a pulfi^ Ixghl: source sucti a-s an excimer laser, for 
example • 

[Emt^odimeiil: of Device Manufacturing Method] 

Next, an embodiment of a semiconductor device 
manufacturing metnod which uses a semiconductor exposure 
apparatus sliown in Figure 1, will be escplained- 

Figxire 11 is a flow chart of procedure for 

manufacture of microdevices such as semiconductor 
chips (e.g- ICs or LSIs), li<g:uid crystal panels, or 

CCDs^ for example* 

Step 1 is a design process for designing a 
circuit of a semiconductor device. Step 2 is a 
process for making a mask on the basis of the circuit 
pattern design* Step 3 is a process for preparing a 
wafer by using a material such as silicon. Step 4 is 
a wafer process (called a pre-process) wherein, by 
using the so prepared mask anc3 wafer, circuits are 
practically formed on the wafer through lithography. 
Step 5 subsequent to this is an assembling step 
(called a post-process) wherein the wafer having been 
processed by step 4 is formed into semiconductor 
chips. This step includes an assembling (dicing and 
bonding) process and a packaging (chip sealing) 
process. Step 6 is an inspection step wherein 
operation check, durability check and so on for the 
semiconductor devices provided by step 5, are carried 
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out:. Witli these processes, semiconductor devices are 
completed and izhey are sliipped (step 7). 

Figure 12 is a flow chart showing details of 
the wafer process. 
5 Step 11 is an oxidation process for oxidizing 

the surface of a wafer. Step 12 is a CVD process for 
forming an insulating film on the wafer surface. Step 
13 is an electrode forming process for forming 
electrodes upon the wafer by vapor deposition. Step 
10 14 xs an ion implanfiing process for implanting Ions -to 

■ ' i-- 

the wafer* Step 15 is a resist process for applying a 
resist (photosensitive material) to the wafer. Step 
'IJ 16 is an exposure process for printing, hy exposure^ 

V the circuit pattern of the mask on the wafer through 

15 the exposure apparatus described ahove. Step 17 is a 
hi developing process for developing the exposed wafer* 

IM step IS Is an etching process for remc^ving portions 

=8 other than the developed resist image. Step 19 is a 

resist separation process for separating the resist 
20 material remaining on the wafer after being subjected 
to the etching process. By repeating these processes, 
circuit patterns are superposedly formed on the wafer. 

With these processes, high density 
microdevices can be manufactured, 
25 While the inven-tion has been described with 

reference to the structures disclosed herein, it is 
not confined to the details set forth and this 
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applica-tion is iniiencied t;o cover sucii modifications 
changes as may come witliin the purposes of the 
iroprov&ments or th^ scope of the following claims. 



WHAT IS CLAIME D IS : 

1 . A scajci type exposure apparatus whereiin a 
pattern of an original is litliograpliically transferred 
to a suljstrate sequentially wfxile tlie original and tlie 
substrate are scanningly moved relative to exposure 
light, said apparatus comprising: 

a photodetector disposed at a position 
optically conjugrate with tfcie original; and 

storing means for storing correction 
information with, respect to an output of said 
photodetector, in relation to different positions of 
the original to be illuminated with the exposure 
light, such that. In the lithographic pattern 
transfer, the output of said photodetector c^ln be 
corrected by use of the correction information . 

2. An apparatus according to Claim 1, wherein 
the correction information concerns informatiion 
corresponding to a light quantity of reflection light 
at each different positions of the original 
illuminated with the exposure light. 

3- An exposure method^ comprising the steps of: 

lithographically transferring a pattern of an 
original sequentially to a substrate while scanningly 
moving the original and the substrate relative to 
exposure light; 
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con-acting ^ in "tixe -transfer of the pattern of 
the original t:o the substrate^ an output of a 
photodetector disposed at a position optically 
conjugate with the original by use of predetermined 
5 correction information corresponding to different 

positions of the original to he illuminated with the 
exposure light, 

4, A method according to Claim 3, wherein the 
O 10 correction information concerns information 
f= corresponding to a light quantity of reflection light 

at each different positions of the original 

illuminated with the exposure light, 

* ^. u 

15 5- An exposure apparatus for lithographically 

transferring a pattern of an original onto a 
W substrate, comprising: 

a first photodetector disposed at a position 
optically conjugate with the original; 
20 a second photodetector for detecting 

reflection light from the original; and 

storing means for storing correction 
information with respect to an output of said first 
photodetector in relation to different positions of 
25 the original, on the basis of outputs of said first 
and second photodetectors ^ such that ^ in the 
lithographic pattern transfer, the output oic said 



firsi: pliotocLe-tector can be corrected by use of the 
correction information . 

6. Aix exposure apparatus, comprising: 

an illximination optical system for 
illuminating an original wltli exposure light from a 
1 i gilt source ; 

a projection optical system for projecting a 
pattern of the original r lllmninated by the 
iiXumination optical system^ onto a substrate; 

a piiotodetector disposed at a position 
optically conjugate with tiie original; 

control means for controlling an outpni: of 
the light source on the basis of an output of the 
photocletector; and 

correcting means for reducing an influence of 
reflection light from the original, on the basis of an 
output of the photodetector as the original is 
illuminated by the illumination optical system. 

7- An apparatus according to Claim 6, wherein 
said correcting means operates to reduce or remove the 
influence of the reflection lights while referring to 
an output of said photodetector in a state in which 
the original is illuminated by said illumination 
optical system and in which there is no reflection 
light coming the pattern surface of the original and 
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directed back to said photodetector, 

8. An apparatus according to Claim 6, wJierain 
said correcting means includes reflection light 

5 detecting means for detecting any reflection Light 

from ttie original, as illuminated t>y said i Illumination 
optical system, and being direcTed back to said 
illumination optical system, and wJaerein said 
correcting means operates to reduce or remove the 
10 influence of the reflection light, while referring to 
a result of detection by said detecting means. 

9. An apparatus according to Claim 6^ wherein 
said exposure apparatus is a scan type exposure 

15 apparatus in which exposure is performed while the 
original and the substrate are scannlngly moved 
relative to the x llumi nation light from said 
illumination optical system and to said projection 
optical system, wherein said correcting means is 

20 operable to reduce or remove any influence of the 
reflection light at each movement positions in the 
scan motion, and wherein said control means is 
operable to control an output of said light source on 
the basis of an output of said photodetector , with the 

25 influence of the reflection light at each movement 

positions in the scan motion being reduced or removed. 
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10. An apparatus according to Claim 7. wherein 
said exposure apparatus is a scan type exposure 
apparatus in which exposure is performed whiles the 
original and the substrate are scanningly mov€»d 
relative to the illumination light from said 
illumination optical system and to said projection 
optical system, wherein said light source comprises a 
discharge lairip^ wherein said correcting means operates 
3o that (i) outputs of said photodetector In relation 
to each movement positions are ot>tained beforehand 
while an applied electric power to said discharge lamp 
are kept constant and while rhe scan motion is 
performed at a speed lower than an ordinary scan 
speed, (ii) during the above procedure^ an output of 
said photodetector in a state in which there is no 
light coming from the original and directed to said 
photodetector is obtained, (iii) in actual exposure of 
the substrate, at start of the scan motion, a:a output 
of said photodetector in a state in which there Is no 
reflection light coming from the original and directed 
back to said photodetector is obtained, and (iv) at 
each movement positions in the scan motion y any 
influence of reflection light is removed or reduced on 
the basis of the above output and the outputs having 
been obtained beforehand, and wherein said control 
means controls, at each movement positions in the scan 
motion, the output of said light source on the basis 
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of ax. output of said photodetector witl. tl.e influence 
of reflection light being removed or reduced. 

11, Axi apparatus according to Claim 8, wherein 
said exposure apparatus is a scan type exposure 
apparatus in which exposure is perfornied while the 
original and the substrate are scanningly moved 
relative to the illumination light from said 
illumination optical system and to said pro3ection 

v.^^^-in aaid liatit source comprises a 
optical system, wlierein saxa xiynu 

discharge lamp, wherein said correcting means operates 
so that (i) outputs of said photodetector a^d outputs 
of said reflection light detecting means in .elation 
to each xoovement positions are obtained beforehand 
While an applied electric power to sa.d discharge lamp 
are kept constant and while the scan motion is 
performed at a speed lower than an ordinary scan 
speed, and (ii) in actual exposure of the substrate, 

«^ ^.^c^-j H-i- ons in the scan motion, any 
at eacti itiovement positions m ui*^ 

influence of reflection light is removed or reduced on 
the basis of an output of said photodetector and a 
result of detection by said reflection light detecting 
means, and wherein said control means controls, at 
each .ove^ent positions in the scan motion, the output 

+-v.^ y-^^^i^ of an output of said 
of said ligli-t source on the basxs or an ih 

*~ir. ^-H^ TTifluence of reflection light 
photodetector with the mtxnenu^ 

being removed or reduced- 
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12* An exposure metliod., comprising the steps of: 
lithograpliicallY transferring, to a sur)sl:rate 
and through a projection optical system, a pattern of 
an original illuminated by an illumination optical 
system for illuminating ttie original witia exposure 
light from a light source; 

controlling an output of the light source on 
the £>asi^ of an output of a photodletector disposed at 
a position optically conjugate with the original ; and 

reducing an influence of reflection light 
from the original , on the basis of an output of the 
photodetector as the original is illuminated by the 
illumination optical system- 

13, A method according to Claim 12, wherein said 
exposure method is a scan type exposure metiaod in 
which exposure is performed v^^hile the original and the 
substrate are scanningly moved relative to the 
illumination light from the illumination optical 
system and to the projection optical system^ wherein 
the light source comprises a discharge lamp, wherein 
outputs of the photodetector in relation to each 
movement positions are obtained beforehand while an 
applied electric power to the discharge larcip are kept 
constant and while the scan motion is performed at a 
speed lower than an ordinary scan speed, wherein. 
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during "tiie above procedure^ an output o± the 
photodetector in a state in wtixch there is no light 
coming from the original and directed to the 
photodeTector is obtained, wherein^ in actuajL exposure 
5 at the substrate, ai: start of the scan motion, an 

output of the photodetector in a state in which there 
is no reflection light coming from tue original and 
directed back to the pliotodetector is obtained ^ 
wherein, at each movement positions in the scan 

10 motion, any influence of reflection light is removed 
or reduced on the basis of the above output and the 
outputs having been obtained beforehand, and wherein^ 
at each movement positions in the scan motion, the 
output of the light source is controlled on the basis 

15 of an output of said photodetector with the influence 
of reflection light being removed or reduced, 

14- A method according to Claim 12, wherein said 
exposure method is a scan type exposure method in 

20 which exposure is performed while the original and the 
substrate are scanningly moved relative to the 
i lltimination light from the illumination optical 
system and to the projection optical system^ wherein 
-tiie light source comprises a discharge lamp, wherein 

25 outputs of the photodetector and outputs of reflection 
light detecting means, for detecting reflection light 
reflected from the original back to the illumination 



optical system, are obtained beforehand in relation to 
e^cih movement positions while an applied electric 
power to the discharge lamp are kept constant and 
while the scan motion is performed at a speed lower 
than an ordinary scan speed, and wherein, in actual 
exposure of the substrate, at each movement positions 
in the scan motion, any influence of reflection light 
is removed or reduced on the basis of an output of ttie 
photodetector and a result of detection by the 
reflec-tion light detecting means, and wherein the 
output of the light source Is controlled on the faasis 
of an output of the photodetector with the influence 
of reflection light being removed or reduced, 

15. An apparatus according to Claim 2 or 5y 
wherein the correction informatiion includes 
information corresponding to the light quantity of 
reflection light from the substrate. 

16- A method according to Claim 4 or 12, winerein 
the correction information includes information 
corresponding to tbe light quantity of reflection 
light from the substrate, 

17- A device manufacturing method, comprising the 
steps of : 

transferring, by exposure, a pattern of an 
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oiriginal onto a substrata by use of an exposure 
apparatus as recited in any one of Claims 1, 5 and 6 
and 

developing the substrate having the pattern 
transferred thereto . 
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ABSTRACT OF THE DISCLOSURE 

A scan type exposure apparatus wherein a 
pattern of an original is litiiographically transferred 
to a sutjstrate secjuent ially wttile the original and the 
5 substrate are scanningly moved relative to exposure 
light, the apparatus including a photodstector 
disposed at a position optically conjugate with the 
original, and a storing device for storing correction 
information with respect to an output of the 
10 photodetector , in relation to different positions of 
the original to he illuminated with the exposure 
light, such that^ in the lithographic pattern 
transfer, the output of the photodetector ccin be 
corrected by use of the correction information, 
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